Background
Total hip arthroplasty (THA) has been termed the operation of the century [1] . In patients with end-stage refractory hip arthritis or other hip problems, THA provides significant improvement in pain, function and quality of life [2, 3] , which are the main reasons why patients undergo this procedure. A population-based study showed that the volume of THA is increasing rapidly with a significant increase in the last 10 years [4] ; this increase is also reported in other landmark studies [5] [6] [7] . Previous studies have focused on surgical and implant factors affecting the risk of revision after THA. Although several studies have examined the factors associated with patient-reported outcomes (PROs) after THA, many fewer studies have examined the effect of underlying diagnosis on pain and functional outcomes post-THA. Most elective THAs are done for osteoarthritis (OA) or rheumatoid arthritis (RA) and a small proportion for avascular necrosis of bone (AVN; <5%).
Do patients with OA have better PROs after primary THA compared to RA? The published literature is sparse and the answer unclear. In the largest of published studies, 381 patients were studied with two-year follow-up in 331 and five-year follow-up in 89 patients, pain and function (walking scores) at two years post-THA did not differ by the underlying diagnosis [8] . In other studies, compared to OA, RA was associated with worse functional outcomes at one year after THA [9] , less pain and functional improvements at 2.5 years postarthroplasty in a study that combined patients with THA and total knee arthroplasty [10] and worse functional outcome at 10 years after THA (compared to historical controls) [11] . However, none of the studies with positive findings adjusted for important covariates and confounders, implying that they may potentially be false positive. Other major limitations of previous studies are that the follow-up was short and most had very few patients with RA. Therefore, it is unclear whether the underlying diagnosis is independently associated with outcomes after primary THA. Our objective was to assess the association of underlying diagnosis with pain and functional outcomes using a large total joint registry sample and adjusting for important covariates/confounders. We hypothesized that patients with OA as the underlying diagnosis will have better, and AVN worse, pain and functional outcomes after primary THA compared to patients with RA after adjusting for important covariates and confounders of pain and functional outcomes.
Methods
The methods and results are described as recommended in the Strengthening of Reporting in Observational studies in Epidemiology (STROBE) statement [12] .
Setting, participants and data sources
For this study, we used the Mayo Total Joint Registry that prospectively collects data on all joint replacements performed at the Mayo Clinic, Rochester, MN, USA. Data in the registry include patient demographics, operative diagnosis, surgery and implant details, dates of evaluation, reoperations and complications, current radiographs and pain and functional assessments [13, 14] . All patients who undergo THA at the Mayo Clinic are requested to complete a validated Mayo Hip questionnaire preoperatively and at two-and five-year follow-ups. The Mayo hip questionnaire has face, content and construct validity and test-retest reliability [15] [16] [17] . The pain and function questions are similar to those in the validated Harris Hip Score [18] , the most widely used questionnaire in THA patients. The Mayo Hip questionnaires are mailed to the patients, administered during the clinic visit or by telephone by experienced, dedicated joint registry staff. Questionnaire data have been captured electronically starting in 1993. Patients were included in this study if they had undergone a primary THA from 1993 to 2005 and had responded to the Mayo hip survey at the two-year or five-year follow-up. Patients of all ages were included. The Institutional Review Board (IRB) at the Mayo Clinic, Rochester, MN, USA approved the study.
Since it was a database study, the IRB waived the need for an informed consent.
Predictors of interest and covariates
The operative diagnosis was the main variable of interest, categorized as osteoarthritis (OA), rheumatoid or inflammatory arthritis (RA), avascular necrosis of bone (AVN) and other. This was based on preoperative diagnosis (based on history, clinical examination, medications and the results of radiographic and other studies) as well as operative findings. We adjusted for covariates that included known and suspected correlates of pain and function after THA. Covariates were demographics (age, gender), body mass index (BMI), American Society of Anesthesiologist (ASA) class, distance from the medical center and implant fixation (uncemented, hybrid/ cemented) obtained from the Total Joint Registry and linked databases. Anxiety, depression and medical comorbidity using the validated Deyo-Charlson index [19] were based on the presence of International Classification of Diseases-ninth revision, common modification (ICD-9-CM) codes in the Mayo Clinic electronic databases, derived from administrative and clinical records. Distance from the medical center was included, since Mayo Clinic provides THA to local residents as well as referred patients traveling from far, who may have different disease severity and expectations, and both can impact pain and function outcomes [20] [21] [22] . In addition, we adjusted all functional outcome models for preoperative functional limitation assessed by preoperative limitation in seven activities of daily living (ADLs) and the pain models for preoperative pain severity, respectively.
Outcomes of interest
Study outcomes were PROs of moderate-severe ADL limitation and moderate-severe pain obtained from selfreported validated Mayo hip questionnaires at two years or five years (reference, no/mild categories) after THA. We defined these composite outcomes a priori as undesirable outcomes of THA as in previous studies [23, 24] , since THA is done primarily to relieve pain and improve function. Similar pain and ADL questions were also administered preoperatively; details are in Additional file 1: Table S1 . For patients with multiple procedures, the latest observation for the index hip arthroplasty that was available prior to an additional procedure (and qualified for the two-or the five-year time point) was used as a conservative approach.
Patients self reported limitations in seven key ADLs that specifically assessed index hip function, including walking, climbing stairs, putting on shoes/socks, picking up objects from the floor, sitting in a chair, getting in/ out of the car and rising from a chair to a standing position. For four ADLs (walking, climbing stairs, sitting and rising from a chair), limitations were categorized into 'no' , 'mild' , 'moderate' or 'severe' limitation. The remaining three ADLs (putting on shoes/socks, picking up objects from the floor and getting in/out of the car), that did not have a response corresponding to the 'mild' category, were categorized into 'no' , 'moderate' or 'severe' limitation, as previously [23] . The presence of three or more ADLs with moderate or severe limitation was classified as overall moderate to severe ADL limitation (reference, all other categories), as previously described [19] .
Postoperative index hip pain was assessed with a single question on the hip questionnaire, namely 'Do you have pain in the hip in which the joint was replaced? no pain, slight, moderate, severe.' This validated question [15] [16] [17] is similar to the pain question in the Harris Hip Score, a commonly used THA outcome instrument that is valid, reliable and sensitive to change [25] [26] [27] .
Bias and sample size
We tried to minimize confounding bias by including several covariates previously known or suspected to be associated with pain and ADL limitation after THA including the preoperative status, but recognize that residual confounding is a limitation of cohort study design. We accounted for correlation of observations (due to bilateral THA in patients, simultaneously or sequentially) using appropriate statistical methods. We anticipated non-response to be higher at five than at two years, and acknowledge this as a study limitation limiting the generalizability of results. We included a large enough sample to study pain and ADL limitation without having too long of a study period (to avoid significant secular trends in implants and procedure) and, therefore, chose all eligible patients from 1993 to 2005. No formal sample size calculations were done.
Statistical analyses
We used univariate and multivariable-adjusted logistic regression models to assess the association between the operative diagnosis and moderate-severe ADL limitation and moderate-severe pain two and five years after primary THA. The multivariable models included age, gender, BMI, ASA class, distance from the medical center, implant fixation, Deyo-Charlson index, anxiety and depression as well as respective preoperative variable/spreoperative pain for pain outcome and preoperative limitation in seven ADLs for ADL limitation outcome. Individual ADL limitations were only examined as exploratory analyses, to avoid multiple comparisons and results are presented in Additional file 1. Odds ratios (OR), 95% confidence intervals (CI), and P-values are reported. Subgroup analyses were done for patients younger and older than 65 years to assess the association of diagnosis with pain and ADL outcomes, since patients with AVN or RA are expected to be younger than those with OA. We performed sensitivity analyses by restricting the study sample to surgery from 1998 to 2005, to examine whether change in RA management in the recent years impacted the noted associations in the main analyses.
All regression analyses used a generalized estimating equations (GEE) approach to adjust the standard errors for the correlation between observations on the same subject due to both hips having been replaced. Responder and non-responder characteristics were compared using logistic regression analyses, which were pre-specified to include demographics, comorbidity, implant-related factors and underlying diagnosis. We decided a priori not to impute any missing data and to treat them as missing. A P-value <0.05 was considered significant. Analyses were done using SPSS, version 21 (Chicago, IL, USA).
IRB approval
The Mayo Clinic Institutional Review Board approved this study and all investigations were conducted in conformity with ethical principles of research.
Results
Clinical and demographic characteristics are shown in Additional file 1: Table S2 . A total of 5,707 patients provided data for the two-year and 3,289 for the five-year follow-up. For the two-year cohort, the mean age was 65 years, 51% were women, and 30% were ≤60 years. BMI was ≥30 kg/m 2 in 76% of patients, and ASA score was class III/IV in 38%. The underlying diagnosis was OA in 87%, RA or inflammatory arthritis in 3% and AVN in 7% (3%, other). Mean Deyo-Charlson score was 1 and depression and anxiety were present in 7% and 5%, respectively. Characteristics were similar in the five-year cohort and also similar to patients who responded to the preoperative questionnaire [see Additional file 1: Table S2 ]. Baseline characteristics of the patients at 2-year follow-up according to their diagnosis are shown in Table 1 .
Compared to patients with RA/inflammatory arthritis, those with OA were less likely to be women and more likely to be older or obese and those with AVN less likely to be women and more likely to be obese. There was little variation in the prevalence of moderate-severe pain (91% to 95%) and moderate-severe activity limitation (70% to 80%) by diagnosis preoperatively [see Additional file 1: Table S3 ]. The survey response rates were 62% (5,707/ 9,154) at the two-year and 53% (3,289/6,243) at the fiveyear follow-up.
Responder characteristics
Responders to the two-year post-primary THA survey were more likely to be older (age 61 to 70, 71 to 80 and >80 with ORs = 1.4, 1.3 and 1.3, respectively, compared to ≤60 years) and less likely to have BMI ≥40 (OR, 0.7), ASA class III-IV (OR, 0.9) or live further from the medical center (distance >100 to 500, OR, 0.9; and >500 miles with OR, 0.7) ( Table 2) . At five years, responders were more likely to be older (age 61 to 70 with OR, 1.4; 71 to 80 with OR, 1.4), have a BMI = 25 to 29.9 (OR, 1.2), and less likely to live further from the medical center (distance >100 to 500 with OR = 0.9 and >500 miles with OR = 0.6).
Univariate association of diagnosis with pain and overall activity limitation
In unadjusted analyses, we noted that compared to RA/ inflammatory arthritis, the odds of overall moderatesevere ADL limitation at two years were significantly lower in OA and AVN patients ( Table 3 ). On the other hand, compared to RA/ inflammatory arthritis, the odds of moderate-severe pain at two years were significantly higher in patients with OA (Table 3 ). Similar findings were noted at 5-years, except that moderate-severe pain associations at 5-years were only borderline significant (P = 0.07).
Multivariable-adjusted association of diagnosis with overall activity limitation and pain
In adjusted analyses, compared to patients with RA/ inflammatory arthritis, those with OA and AVN had significantly lower odds of overall moderate-severe ADL limitation at two years (Table 4 ). No differences by diagnosis were noted in moderate-severe pain at two years. Compared to patients with RA, patients with AVN and other diagnosis had significantly higher odds of moderatesevere pain at five years, but no significant differences in moderate-severe ADL limitation at five years (Table 4 ).
Sensitivity analyses performed by restricting the analyses to the time period of surgery to 1998 to 2005 revealed minimal change in ORs and no change in significance for association of OA or AVN with moderate-severe activity limitations at two years, with ORs of 0.4 (95% CI, 0.2 to 0.8) and 0.4 (95% CI, 0.2 to 0.8), respectively. The OR of association of diagnosis with moderate-severe pain at five years and the level of significance showed minimal change. Subgroup analyses for patients <65 and those 65 years and older showed that ORs noted in the main analyses changed little: OA and AVN patients younger than 65 years had lower odds of moderate-severe ADL limitation at two years (0.4 (95% CI 0.2 to 0.9), P = 0.03), and 0.5 (0.2 to 1.0), P = 0.06) just as those 65 years and older did (0.4 (95% CI 0.2 to 0.9), P = 0.03 and 0.4 (0.2 to 0.8), P = 0.008).
Exploratory univariate and multivariable-adjusted analyses of limitation in seven activities
In univariate analyses, we found that compared to those with RA/inflammatory arthritis, patients with OA had significantly lower odds of moderate-severe limitations in walking, climbing stairs, putting on socks/shoes, picking up objects and rising from a chair at two years post-primary THA ( Table 5) . At five years, results were similar except that differences were not significant for walking and rising from a chair. Similarly, compared to those with RA/inflammatory arthritis, patients with AVN were significantly less likely to have limitations in climbing stairs, putting on socks/shoes, picking up objects and rising from a chair at two years ( Table 6 ); results were similar at five years (Table 6 ).
In multivariable-adjusted analyses, patients with OA had significantly lower odds of limitation in rising from a chair at two years ( Table 6 ). Patients with AVN had significantly lower odds of limitation in putting on shoes/socks or rising from a chair at two years (Table 6 ). Compared to patients with RA, patients with AVN and OA had significantly lower odds of limitation in climbing stairs at five years.
Discussion
In this prospective study of a large cohort of patients with primary THA, we found that after adjusting for important predictors, patients with OA had significantly better functional outcomes compared to those with RA/ inflammatory arthritis at two-year follow-up. Results were notable for overall ADL limitation and key ADLs. Pain outcomes were not significantly different for OA versus RA. We also found that patients with AVN experienced better ADL outcome at two years compared to RA patients. In contrast, patients with AVN reported worse pain outcomes at five years compared to those with RA. Several findings in our study are of interest and merit further discussion.
One of the main findings of our study was that patients with OA had significantly better functional outcomes compared to those with RA at the two-year follow-up, as indicated by lower odds of overall moderate-severe ADL limitation. These findings were confirmed for patients younger and older than 65 years. To our knowledge, this is the first study to have analyzed the association of diagnosis with functional outcomes adjusted for known correlates of outcome in a large sample of patients at both the two-and five-year follow-up after primary THA. On the other hand, we found no significant differences in risk of moderate-severe pain between OA and RA in multivariable-adjusted models. The greater ADL limitation noted in RA patients compared to OA patients may be due to the systemic inflammatory processes in RA versus OA [28] , a higher risk of postoperative dislocation after primary THA in RA versus OA patients [29] , and/or a more polyarticular disease in RA compared to OA. As stated previously, ' A single THR (total hip replacement) apparently solves the main problem of most OA patients, but only one of a number of joint problems for most RA patients' [9] . It is important to note that in exploratory analyses, several associations for key ADLs that were significant in univariate models were no longer significant in multivariable-adjusted models, indicating that these associations were not independent of the covariates adjusted in the multivariable analyses. However, results were significant for rising from a chair and climbing stairs in multivariable-adjusted models. Previous studies that have examined functional outcomes in THA patients have reported contradictory findings. In a study of 381 patients, pain and function (walking scores) at two years post-THA did not differ by the underlying diagnosis [8] . On the other hand, some studies have reported worse outcomes in patients with RA compared to OA. In their study of 97 patients, Borstlap et al. reported that patients with OA experienced better functional outcomes one year after THA compared to those with RA [9] . A study of 106 RA patients by Creighton et al. suggested that RA was associated with less optimal functional improvement at 10 years as compared to other diagnoses (OA, and so on) in their other studies [11] . Kirwan et al. studied 293 patients who underwent total hip or total knee replacement at 2.5 years and found greater improvements in pain and function in OA compared to RA [10] . Hawker et al. examined the predictors of successful joint arthroplasty outcome in a cohort of 233 patients with either hip or knee joint replacement and found that RA was associated with 0.33 odds of good outcome compared to OA, based on WOMAC total score improvements, a pain and function composite [30] . Two of the four positive studies combined knee and hip arthroplasty patients, and studies show that outcomes from these two procedures differ [31] , as do the underlying diagnoses [32, 33] , which makes the interpretation of these studies difficult for THA populations. Previous studies had small sample sizes, heterogeneous populations, unadjusted analyses, historical controls and contradictory findings. Our findings from a multivariable-adjusted analysis from a large total joint registry provide clarity and add to the current knowledge. Our findings suggest that functional outcomes were better in OA versus RA and that there were no significant differences in pain outcomes two years and five years after THA. Another important study finding was the lack of difference in pain outcomes in RA versus OA patients after THA. This is reassuring given that the most common symptom leading to THA is severe, refractory hip joint pain. This implies that patients with RA can be reassured that their pain outcomes will be similar to the majority of patients with OA undergoing THA.
Another interesting finding from our study is that patients with AVN were less likely to have moderatesevere ADL limitations and more likely to report moderate-severe pain compared to patients with RA. To our knowledge, this is a new finding and adds to the literature. A recent systematic review of outcomes of THA in patients with AVN found that most studies had a low evidence level of III and IV and provided data only related to revision rates [34] , indicating a lack of studies of PROs in this patient population. Our finding of worse pain outcomes in AVN patients compared to RA patients might indicate the difference in pathophysiology of the two conditions (AVN versus RA) and polyarticular and bilateral involvement with RA [9] compared to AVN. In addition, documented high rates of early complications and reoperations in AVN patients (17% and 11%, respectively, at an average follow-up of 20 months) [35] may also explain better ADL outcomes in AVN versus RA.
The practical implications of our study are several-fold. First our study highlights the importance of studying both pain and functional outcomes in arthroplasty patients, as discussed previously [36] . Although these domains are somewhat interrelated, they can be discordant due to different slopes of recovery post-arthroplasty; for example, at three months post-THA, patients are likely to report significant improvement in pain, but function may be the same as it was preoperatively due to continuing recovery and rehabilitation. Similarly, other lower extremity joint involvement and back problems impact pain and function differently, that is, the impact on function may be tremendous, but there may be no impact on index hip pain. Our study further demonstrates that the underlying diagnosis impacts pain and function after primary THA differently. This new information can help surgeons inform their patients preoperatively during the informed consent process with regard to expected outcomes after primary THA, based on their underlying diagnosis. Given the longevity of the implant and the elective nature of the surgery, a better insight into why certain diagnoses are associated with worse outcome can help to improve these outcomes even further, if modifiable intermediate factors can be identified. This will also lead to even more informed patients and reduction of unsatisfactory outcome after primary THA, a highly successful surgery.
Our study has several limitations and strengths. Survey non-response may have introduced some bias, and the direction of this bias is unclear. Our response rates are similar to the average 60% response rate reported for large surveys of this size [37] ; however, the five-year estimates should be interpreted with caution. Due to a cohort study design, residual confounding is possible, despite inclusion of multiple clinical and demographic variables. There may be some misclassification of operative diagnosis due to similarity of gross findings at surgery between RA and AVN and because classification criteria are not used in clinical orthopedic practice for RA and are not available for AVN. However, the surgeon incorporates history, examination and medication use in making the diagnosis that should provide good accuracy. Misclassification bias may have biased our results towards null. Generalizability is always a challenge, but the similarity of our cohort to other hip arthroplasty cohorts indicates that results may be generalizable to other settings [6, 7, 38] . Study strengths include a follow-up at two time-points, large sample size to allow adequate power, prospective data collection by dedicated Total Joint Registry staff and multivariable-adjusted analyses that adjusted for other factors known/likely to be associated with the outcomes.
Conclusions
Our study is among the first well-powered studies adjusted for important covariates and confounders that showed that the underlying diagnosis for primary THA is a significant predictor of functional outcomes and pain up to five years post-THA. We found that compared to RA, OA was associated with better overall functional outcome after primary THA. Compared to RA, AVN was associated with better overall functional and worse pain outcomes after primary THA. Future studies need to investigate the underlying pathophysiology and reasons for these significant findings, which can help us understand better the true mechanism of pain and functional outcomes after primary THA.
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